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Abstract 
The most efficient energy cut-off chemical absorption process has been developed  in the project of 
COURSE50 (CO2 Ultimate Reduction in Steelmaking process by innovative technology for cool Earth  
50). Through each long hours running  by the use of several kinds of newly developed absorbents, high 
energy saving, utilization of far lower temperature , and extremely low influence of the process to steel 
making facilities downstream of the process have been tested and verified using of actual blast furnace 
gas in the steel works.  
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1.Introduction and Target 
COURSE50 has aimed at developing technologies to reduce CO2 (carbon dioxide) emissions by 
approximately 30% through suppression of CO2 emissions from blast furnaces and capture of CO2 from 
BFG(blast furnace gas). Two thirds of 30% reduction of CO2 is the quota onto the development of CO2 
capture technologies. Since a chemical absorption process is a CO2 capture technology suitable for a 
large amount of CO2 capture but requires for a large amount of energy consumption, the development 
target of the chemical absorption process has been set to reduce energy consumption down to 2.0 
GJ/ton-CO2 which is a half of that for conventional chemical CO2 capture (MEA) process.  
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2. Development Procedure of CO2 Capture technology  
 
Three major development activities were set in order to apply a chemical absorption process to the 
steelmaking process for the first time in the world. 
 
2.1 Reduction of energy consumption 
                 In order to reduce energy consumption to a large extent, in addition to high performance absorbents,  
development of the process bringing out those high performances of each absorbents is needed. 
      Key to the development is optimal temperature control throughout the process to achieve maximum  
reduction of energy consumption of the process. 
 
2.2 Use of low quality energies which are hardly utilized in steel works because of  low temperature 
           The lower the temperature of energy fed to the process is, the wider the utilization of energy in no use   
is. 
 
2.3 Verification of non-influences of CO2 capture process to steelmaking processes 
The main point is to assure non-corrosiveness of amine-containing off-gases to steelmaking facilities. 
 
In order to achieve these development theme, CAT30 (the testing plant of 30 CO2 tons/day or 
10,000tons/year)  is placed near the blast furnace in Kimitsu Works of NSSMC(Nippon Steel & 
Sumitomo Metal Corporation) to take in actual blast furnace gas into the test plant and has been 
operated for about 8,000 hours in three years. 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure.1 Test Plant Scheme and General View 
CAT30 was designed, constructed and operated by NSENGI.  
BFG contains CO2 of around 20-22vol% at ambient temperature and just above ambient pressure.  
Furthermore, CAT1(1 ton-CO2/day bench plant) under similarity rules of  engineering to CAT30 is 
placed adjacent to CAT30 for primary evaluation of new absorbents developed by NSSMC, RITE 
(Research Institute of Innovative Technology for the Earth) and the University of Tokyo.  
 
3.Test Results and Evaluation 
        3.1 Reduction of Energy Consumption 
       Reduction of energy consumption was achieved by 1) development of absorbents (called RN 
absorbents) with such high performances as low reaction energy, high absorption and high durability, 
and, 2) optimizations of a chemical absorption process to bring out the high performances of those 
absorbents. 
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Achievements of RN absorbents were 17% reduction in reaction energy, 30% increase in CO2 
absorption, and 20 times durability respectively relative to MEA. 
       One of process optimizations is multi-stage inter-cooling of an absorber. Temperature of absorbent 
itself goes up high due to reaction energy derived from carbon oxide absorption, which decreases 
absorption. In order to maintain equilibrium absorption high, multi-stage inter-cooling was applied to 
an absorber, which resulted in 38% increase of absorption compared to no inter-cooling. 
. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
     Figure 2. Scheme of Chemical Absorption Process  Development      Figure 3. Multi-stage Inter-cooling 
 
      Process performance of 4(four) kinds of developed absorbents were tested respectively around 2,000  
hours running on CAT30. The test using the newest absorbent showed that recovery rate of CO2 being  
kept 90%, the energy consumption was 2.34 GJ/t-CO2 on CAT30, which comes to 2.3GJ/t-CO2 on a  
commercial size of a plant such as 3,000 CO2 ton/day plant.    
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 4. Results of COURSE50 Energy Consumption  
In addition to the above, degradation amount of absorbents were estimated 5% of initial fill amount of  
the plant in a year, and process performance of energy consumption was hardly declined during 2,000  
hours running as shown by Figure 5, though heat stable salts were slightly observed without reclaiming  
absorbents. 
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            Figure 5. Long-hours Trend of Energy Consumption of the Newest Absorbent 
 
3.2 Use of low quality energies which are hardly utilized in steel works because of low temperature 
       A series of newly developed absorbents have so high easiness to liberate CO2 from amine absorbents 
in a reboiler that it is easily possible to lower regeneration temperature in a stripper keeping high 
energy consumption performance of the CO2 absorption process.  
       Through tests at CAT30 of lowering temperature of a stripper from 110deg-C down to 80 deg-C, it 
was made sure that 95 deg-C was the lowest keeping the recovery rate 90%, and its energy 
consumption was the best which was 2.34 GJ/t-CO2 . 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
                          Figure 6. Results of  COURSE50  LA Temperature out of Stripper  
 
This fact enables to utilize such low quality energy as steam of below 110 deg-C, and to widen 
utilization of waste energies still not utilized in steel works. 
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3.3 Verification of non-influences to steelmaking processes  
It is verified through long-hours running on CAT30 that  
influence of corrosiveness of developed absorbents to  
materials of equipment and pipings of steelmaking facilities  
downstream of the chemical absorption process were quite  
small compared to that of conventional absorbent (MEA).  
 
 
 
 
 
 
 
 
 
 
Figure 7. Comparison of Corrosion rate 
 
3.4 Further Trial to reduce energy consumption down to 2.0 GJ/t-CO2 
   It is stated in the section of 3.1 that multi-stage cooling of an absorber is effective to maintain 
equilibrium absorption high. This means that the cooling wastes away reaction energy to cooling water. 
From the point of energy saving, heat-pump process has been reviewed to apply to absorption process in 
order to transfer reaction energy to a stripping process with suitable temperature for a reboiler. The 
process is under testing to gain energy saving of more than 0.3 GJ/t-CO2, deducting increase of pumping 
energy. The process was studied and reviewed jointly with the University of Tokyo. 
 
4. Conclusions   
 Three major development activities ; 1) reduction of energy consumption, 2) use of low quality energies 
which are hardly utilized in steel works because of low temperature, 3) inhibition of influences out of 
CO2 capture process to steelmaking processes were almost achieved through these three years testing 
operations by the use of CAT30 and CAT1.  
The development of chemical absorption process in COURSE50 will continue to approach to the cost 
target of CO2 capture, and to complete the technologies by ca. 2030 with the final goal of industrializing 
and transferring the developed technologies throughout steel industries in Japan by 2050.  
  On the other hand, a part of the achievements above are commercialized to apply to CO2 utilization 
fields (such as industrial gases, EOR, etc.) by NSENGI(Nippon Steel & Sumikin Engineering Co., Ltd.). 
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